The presence of viruses in a slum environment where sanitation is poor is a major concern. However, little is known of their occurrence and genomic copy concentration in the slum environment. The main objective of this study was to determine the genomic copy concentrations of human adenoviruses F and G, Rotavirus (RV), Hepatitis A virus (HAV), Hepatitis E virus (HEV) and human adenovirus species A,C,D,E, and F (HAdV-ACDEF) in Bwaise III, a typical slum in Kampala, Uganda.
INTRODUCTION
The health risks caused by viruses present in water and wastewater streams to which slum dwellers are exposed are a major concern. Waterborne disease outbreaks in Bosch ; Fong & Lipp ) . In slums, the potential public health risk from pathogenic viruses may even be higher. The risk of infection from hepatitis A virus (HAV) in surface water was found to be higher in communities with low socio-economic status (Venter et al. ) . Our main objective was to determine the genomic copy concentrations (GC) of selected enteric viruses in various water and wastewater streams present in Bwaise III.
MATERIALS AND METHODS

Sample collection
A total of 41 samples from 30 sampling locations were collected between January 11 and February 3, 2011. Samples were collected from 25 locations in Bwaise III shown in Figure 1 and also from five surface water locations (B1, B2, B3, C2 and C3) in the neighbouring slums of Mulago and Kyebando. Samples from locations P1, P2, P3, P4, P5, P8, and P10 were collected 2-3 times to assess the temporal variability of2 virus presence and/or virus concentration.
Three types of samples were collected: 26 surface water samples, 11 grey water samples and four ground water samples (spring water and sample from beneath a pit latrine). The majority of the samples were collected from Bwaise III, which is a typical slum in sub-Saharan Africa. The criteria for study area selection included: informal settlement, poor sanitation infrastructure, low lying and with a high water table to be able to obtain ground water samples and the presence of main surface water drains originating from upstream of the slum, enabling the determination of effects of the slum on virus concentrations. Usually, six samples were collected from the area between 8 and 10 a.m. in new 10 L plastic containers that were reused after being washed with sodium hypochlorite (3.85% m/v) three times, and rinsed with distilled water. The containers were also washed with water of which the sample was finally taken. The sampling locations were inlets, outlets and junctions of primary, secondary and tertiary drains, unprotected springs used as drinking water sources, and one ground water observation piezometer (5 m deep and unplasticised polyvinyl chloride with maximum pressure 6 bar and nominal diameter 50 mm (uPVC PN6 ND 50 mm), water table 1.5 m below ground level at the time of sampling).
Primary and secondary drains convey a mixture of surface water and grey water while tertiary drains convey grey water from the bathrooms and kitchen verandas.
In addition to taking a sample in the field, temperature ( W C), conductivity (EC) (μS cm À1 ), dissolved oxygen (DO) (mg L À1 ), and pH were measured immediately using a portable pH meter (pH 3310 SET 2, incl. a SenTix ® 41 probe).
After collection, the samples were stored at þ4 W C using ice blocks and transported to the Public Health Engineering Laboratory at Makerere University for processing within 1 hour.
Virus concentration by glass wool filtration
To concentrate virus particles from the samples, we used a glass wool filtration protocol described by Wyn-Jones 
Nucleic acid extraction
Viral nucleic acids were extracted by a procedure described 
Determining virus concentrations
Genomic copy concentrations of HAdV-F and G were determined with a standard curve ( Figure 2 ), which was constructed in triplicate from a dilution series of a concentrated genomic copy number standard (2 × 10 5 copies μL À1 ), that was included in the standard kit for The results obtained by (RT)-qPCR were multiplied by a constant factor of (1,000 × 0.38) À1 to account for the up-concentration of the virus particles due to the glass wool protocol (from 10 L to 10 mL), and to account for the glass wool recovery of virus particles in the samples, which was based on the average recovery of the bacteriophages PRD1 and φX174 of 38% (see also 'Recovery of the bacteriophages' in the Results section). The results were then multiplied by a factor of 0.5 to cater for the final recovered volume of RNA of 50 μL from the initial 100 μL of sample concentrate and by a dilution factor of either 10 or 100 for 16 samples that showed inhibition. 
Inhibition and false negative tests
To check for inhibition of the PCR reaction, prior to detection of viral genomic copies, 4 μL of sample together with 4 μL of a known concentration of an artificially manufactured 80 nucleotides long single stranded piece of DNA of 
RESULTS
Recovery of the bacteriophages
In our column setup, the recovery of bacteriophage PRD1 ranged from 12.2 to 26.3% and from 17.6 to 35.5%, when flushed with 10 L of tap water spiked with 2.0 × 10 2 and 2.8 × 10 4 pfu mL À1 phages, respectively. The recovery of φX174 ranged from 36 to 46.3% and 40 to 57.8% for tap water spiked with concentrations of 9 and 3 × 10 3 pfu mL À1 respectively. From this, we concluded that our column setup and the protocol used worked satisfactorily.
Two different concentrations were used to assess whether the glass wool protocol we applied yielded similar recovery rates for different concentrations. In addition, we did not know the genomic copy concentrations we could expect in the various surface water and ground water samples.
Sensitivity and efficiency of the HAdV-F and G and RV assays
For the HAdV-F and G assay, the coefficient of determination, R 2 , was 0.995 (see Figure 2 ) and the efficiency of the qPCR reaction, determined as E ¼ [10 À1/slope ] À 1, was 0.92. For the RV assay, the coefficient of determination (R 2 ) was 0.999, while the efficiency of the RT-qPCR reaction was 1.23, which was high. the pit latrine did. To eliminate inhibition, 10 μL of the concentrated samples from the glass wool elution were diluted 10, 100, and 1,000 times, and, after nucleic acid extraction, were again checked for inhibition. The 10-100 times dilution was adequate to eliminate inhibition of the PCR.
PCR inhibition tests
Prevalence of viruses in Bwaise III slum
Physicochemical parameters for the four groups of samples taken from surface water, spring water, grey water, and ground water in the area differed from each other, while the standard deviations were relatively low ( Table 3 ). All surface water samples contained HAdV-ACDEF, and so did 45% of the grey waters sampled. In addition, HAdV-ACDEF was found in one protected spring water sample, used for drinking water purposes. HAdV-F and G were detected in 70.7% of all samples (29/41): 96% of all surface water samples, 27% of grey water samples, and one spring sample that also contained HAdV-ACDEF (Table 3) . RV was detected in 61% of all samples (25/41). Most of the surface water samples were positive for RV, and so were 36% of the grey water samples. In addition, RV was found in an observation piezometer sampling ground water, almost beneath a pit latrine.
HAV was found on a few occasions (7/41), while HEV was not found at all. Finally, 17.1% (7/41) of the samples tested negative for all viruses. These were two spring water samples and five grey water samples. The distribution of viruses in the tested surface water, grey water and ground water samples is shown in Table 4 .
Genomic copy concentrations (GC) of HAdV-F and G, and RV
We determined the genomic copy concentrations of HAdV-F and G and RV in surface water, spring water and grey water ( Figure 1 and Table 3 ). The lowest concentration of HAdV-F and G for samples that tested positive was 7.62 × 10 À3 gc mL À1 in a spring water sample, while the maximum was 2.65 × 10 1 gc mL À1 in surface water at the outlet of the slum (Figure 1 ). In the surrounding slums, the highest concentration was 4.8 gc mL À1 indicating that HAdV-F and G was practically omnipresent. The genomic copy concentration of HAdV-F and G increased downstream of the two main storm water drains in the area. In the Nakamilo drain, the genomic copy concentration of HAdV-F and G increased from 2.09 × 10 À1 gc mL À1 immediately north of Bwaise III to 2.24 gc mL À1 while in the Nsooba drain, it increased from 0.153 × 10 1 to 2.65 × 10 1 gc mL À1 . In contrast, the genomic copy concentration of RV fluctuated along the drains without a clear pattern. The highest concentration of RV was 1.87 × 10 2 gc mL À1 in surface water while the lowest concentration of RV was 2.96 × 10 À1 gc mL À1 in a surface water. When comparing the 3 groups of waters, virus concentrations were the highest in surface water followed by grey water, and then ground water, either from springs or from the observation piezometer we sampled (Table 3) .
DISCUSSION
Virus recovery and PCR accuracy
The recovery of the bacteriophages PRD1 and φX174 between 12.2 and 57.8% by glass wool adsorption in this study was com- 
Waterborne viral contamination in the Bwaise III slum
The concentration of HAdV-F and G virus particles generally increased downstream of the two main drains (Nsooba and Nakamilo; Figure 1 ) in the Bwaise III slum. There was an increase from 1.53 gc mL À1 at the inlet of the Nsooba drain to 26.5 gc mL À1 at the outlet, and an increase from 2.09 × 10 À1 gc mL À1 upstream to 2.24 gc mL À1 downstream of the Nakamilo drain. These values were lower than the . The presence of virus particles in the environment is therefore a public health concern even though the correlation between infectivity and persistence of viruses is still a challenge (Hamza et al. ) . Virus infectivity is important for quantifying the public health risks in the slum.
HAdV-ACDEF was detected in all surface water samples and 78% of all samples, which was high compared to the presence of other viruses. We think this was because it was more persistent in this faecally contaminated environment. HAV was detected in surface water and grey water, but not in ground water because it is associated with infections in the com- 
CONCLUSIONS
This study found that 85.4% (35/41) of the samples tested positive for at least one of the investigated viruses, which indicated that the slum environment was polluted. Human adenoviruses F species (serotypes 40 and 41) and G species (serotype 52), and RV were dominantly detected in the samples throughout the area investigated. The concentration range of HAdV-F and G was 7.62 × 10 À3 to 2.65 × 10 1 gc mL À1 while the concentration range of RV was 2.96 × 10 À1 to 1.87 × 10 2 gc mL À1 for samples that tested positive. The presence of HAdV-F and G in the drinking water source constitutes a potential public health hazard that requires urgent attention by the relevant authorities. Detection of RV in a ground water sample from beneath a pit latrine was an indication of diffuse contamination of ground water with viral pathogens. The potential public health risks from these viruses are higher in slums because of high population density and environmental pollution from unlined and elevated pit latrines, which are mostly used for excreta disposal. Further studies should be conducted on viral infectivity, viral loadings and their periodic variations in a slum environment.
